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IJoth the monstrous and the niinuszule in ci i imras 
share CI comtnon captrbility: ultra-high s p e d .  T h e  

gicrni camera at  the Nevada Test: Site, above*, takes 
Frunies at the rate <if hillions per second, while the 
sinall streak caniertv below takes x-rciy photos with 
rcsalwtioit to trillionths of u scmrid lor  lascr-fusion 
exporimerits. Thc dtrrk, larger cmnera above it is a 

c:ommercial nioclel shown for comparison. 

he Fastest 
ameras 

est 
‘rile quest €or sprcd has always 

hcen one or man’s morr exciting 
cndcavors ;ind onc which i s  by no 
mean5 liinitcd to striving lor ICC- 

oitlc in pl,iiies m d  cars. The quest 
cxtciid5 to s( imcc ,  too, wliei c invcs- 
tigatoi5 5cc.k ways to take photo5 ol 
evriit5 ot curing in cxtrcinely short 
timc. pciiods. 

Spwd in pliolograpliy lias ad- 
v;im ctl stc<t(lily siiit e 18351 when ex- 
posurcs loi the original Daguerio- 
type piocess wcic measured in miri- 
utes. Some 40 y c m  later, aclvariccs 
i r i  optits ant1 emulsions had rc- 
t l u c  cd a typical outcloor exposure 
to 1/25th oi i i  second. ‘l’oclay, 
,iin;itcurs roil tincly take snapshots 
a t  speeds t o  1/1000th o f  a second. 

AI 1;tsrei yxcds, rnethaiiical shut- 
tci s Iwgin experiencing dificultics. 
Vcr y-high-sj )ced ( ainei ‘1s for labora- 
tory ;itit1 industri;il use5 incorporate 
rot‘itiiig di,ks, l)l<ttrq, diiinns, or 
ttiirirurs. Bet aiisc~ tlicw whiil r‘ithcr 
than jerk, they tail makc exposures 
at  5pccdc oi 1113 to niillionths of a 

Olld 

Isirt sliortcri the cxposurc by a 
I , ~ l o i  ol it thousand-to billionths 
of cccontl--iind tlicse tlcviccs nlso 
. i p p  o ~ l i  tlicii physical limitation, 
one bcirig tlic stresses generated by 
ccritrilugal loice. ‘Tlim, for ultra- 
liigli-speed applic ations, moving 
p i 1  I s must be cliininated entirely. 
In51 ead, cxposurcs arc made elec- 
Ironically wi th  triggering that re- 
lics on thc vcry short distarices 
light or cli’rtiic ity trawls during 
the vcry b r i d  tirnc periods involved. 



T o  appreciate the times and dis- 
tances involved, consider that light 
would travel around the world 
more than 7 times in a sccond; from 
Los Alamos to Albuquerque and 
back in a millisecond (a thou- 
sandth of a second); from the Ad- 
ministration Building to the Phys- 
ics Building in a microsecond (a 
millionth of a second); the length 
of your forearm in a nanosecond (a 
billionth of a second); and the 
thickness of your thumbnail in a 
picosecond (trillionth of a second). 

I t  is in the realm of nanoseconds 
and picoseconds that a small group 
at Los Alamos Scientific Laboratory 
has achieved notable advances in 
ul tra-high-speed camera design, in 
the process creating what they like 
to call “the fastest cameras in the 
West.” 

For underground tests at the 
Nevada Test Site, they created 
what is also the largest camera in 
the West, a 3-story apparatus cap- 
able of taking “movies” of under- 
gTound nuclear detonations at the 
rate of two hundred million frames 
a second. 

And, in startling contrast to this 
behemoth, the same team has re- 
cently created not only the fastest 
x-ray streak camera in the world, 
but one which is also very small. It 
takes streak photos with resolution 
to a few picoseconds and is so com- 
pact you could slip the camera into 
your coat pocket. It represents a 
striking exception to the general 
principle that the greater the res- 
olution required, the bigger and 
more elaborate your laboratory 
equipment must be. 

Underground Movies 
Like many of LASL’s scientific 

and technological achievements, the 
development of faster, better, ultra- 
high-speed cameras received its im- 
petus from the weapons program. 
For a nuclear detonation in 1969 
at the Nevada Test Site, investiga- 
tors wished to make “slow-motion 
movies” measured in nanoseconds. 
A1 Lieber, Dean Sutphin, Clint 
Webb, John McGurn, and Tom 
O’Hare, all assigned to J-Division 

at the time, came up with a concept 
that did the job. 

The requirements for the cam- 
era included the capability of re- 
cording 6 images, at intervals of 10 
nanoseconds, of the neutrons pro- 
duced during the detonation. Con- 
veniently, nature provided a way to 
trigger the camera. Neutrons, being 
particles, travel considerably slower 
than gamma rays, which travel at 
the speed of light. Thus, to trigger 
the camera, the LASL researchers 
simply placed a gamma-ray sensor 
in the line-of-sight path to the det- 
onating device. This reacted to the 
gamma rays in ample time to activ- 
ate the instrument to record the 
slower-paced neutrons upon their 
arrival. 

T o  form images of the neutrons, 
a fluor (a device that reacts by 
emitting light) was placed in the 
neutron stream. The fluor flashed 
light signals to 6 image intensifiers 
tripped in sequence. These images 
in turn were reflected by a 6-sided 
mirror so that all were focused onto 
a single iinage-orthicon tube (the 
same type of tube used in T V  
cameras). The final result was a 
single “print” of the 6 images. 

I t  was in separating these images 
in time that the LASL team in- 
geniously exploited the time it takes 
electricity to travel a given distance 
in a coaxial cable. Since i t  takes 
electricity 10 nanoseconds to travel 
2 meters in cable, varying the 
lengths of cable between the image 
intensifiers and the control unit by 
2 meters created the desired 10 nano- 
second intervals between images. 

A Super Movie Camera 
The camera for the 1969 Nevada 

shot was placed downhole and, 
along with other diagnostics, was 
destroyed in the experiment. What 
remained was valuable know-how 
then used to build a second camera 
for x-ray photography that was not 
only faster, but also provided 
greater resolution, for a 1972 shot 
at the Nevada Test Site. Unlike the 
camera for the 1969 shot, the 

camera for the 1972 test posed a 
knotty problem in triggering. 

While the earlier camera had “ad- 
vance early warning” from gamma 
rays to trigger exposures for neu- 
trons, the new camera would have 
no such advantage because it had 
to take photos of the x radiation 
itself. How does one take a photo 
of a pulse of x rays when the pulse 
itself must act as the trigger? By the 
time the mechanism is activated, 
the x radiation is long gone. 

The solution was ingenious-and 
a major reason why the final de- 
sign became a “supercolossal movie 
camera,” even by Hollywood stand- 
ards, towering 3 stories high. A 
small sensor is placed in the line-of- 
sight channel near the control unit 
so that the electric pulse from it 
would have but a very short dis- 
tance to travel to the control unit. 
The  x-ray pulse generated by the 
detonation trips the sensor in pass- 
ing and then travels to the top of 
the camera 5 meters distant. There 
the x rays strike fluors that, in turn, 
send visible blue-light signals back 
down towards the camera. By now 
the camera has had time to become 
activated in the 30-nanosecond in- 
terval that it takes for this transac- 
tion to occur. T h e  light strikes an 
array of lenses, image intensifiers, 
and T V  cameras, and images are 
recorded electronically. 

In  addition to the camera’s im- 
pressive speed and accuracy, image 
resolution is considerably greater 
because each image is enhanced 
and recorded by its own “private” 
system. But, the basic method for 
triggering the exposures in sequence 
is the same as it was for the earlier 
shot where coaxial cables of differ- 
ent length were employed. Since the 
intervals between exposures was 
only 5 nanoseconds, as compared to 
10 nanoseconds for the 1969 cam- 
era, the differences in lengths be- 
tween the cables were reduced to 
1 meter. 

Although the 1969 camera was 
destroyed during the test, the 1972 
camera was designed to be a per- 
manent part of the diagnostic in- 
ventory at the Nevada Test Site. I t  
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A simplified diagram of the Pico-X streak camera, above, 
shovvs a furrdamentcrl design difference indicated C I S  MCP 
(M ic rrxha n riel Plate) eo I I im a to r . Elec tro ns f m m  the 
phoiiocerthede flow through millions of tiny parallel tubular 
churrrrels rather than through a single pinhole as in 
conventional streak-camera design. Below, cx microchannel 
plate is shown at a 3000-times enlargement. 
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Clyde Reed, left background, and Dick Robertson, 
right foreground, both L-4, "play the trombone" at  
TA-35. By moving mirrors, the path laser light 
takes to trigger a streak camera is lengthened or 
shortened, thus altering the shuttering. Below, 
Dean Sutphin, L-4, moves a mirror a few millimeters 
to adjust the length of the path to the target. 

Above, AI Lieber and Dean Sutphin, both 1-4, 
check the Pico-X streak camera before an experi- 
ment. The target chamber i s  in the background. 
Below, Clint Webb, 1-4, connects wiring to the 
camera that i s  in a case that, in turn, i s  in the 
target chamber. During operation, a vacuum is 
formed in the case. 



Lieber and Sutphin talk over 
problem of Iciser-fusion diagnostics, 

unaware that the ”laser hug” i s  
eavesdropping. The lussi buy, 

wearing uppropriate wfcty 
glasses, is  a “mascot” symbolizing 

the unexpected clificulties ofton 
encountered in intricate laser-hion 

expurirrrents. 
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Two photos by the Pico-X streak adjust length of paths for the beams. the experimentalists’ surprise, the 
camera reveal important information. At right is a recently made record of sphere then recompressed and began 
At left, the 2 streaks shows a differ- the compression and blowing apart coming apart a second time-a phe- 
ence in time of 20 pic0 seconds be- of an empty microsphere. From top to nomenon that will now be investigated. 
tween the arrivals of 2 laser beams. bottom, the ball is being compressed, The time shown in the photo is 30 to 
Experimentalists use data like this to then blows apart (upper “bulge”). To 40 picoseconds. 

in the walls, and is focused onto a 
speck-like microsphere within the 
target chamber after traveling a dis- 
tance of 50 meters. 

To give the Pico-X camera a few 
picoseconds to “warm up” for the 
subsequent x-ray pulse to be gen- 
crated by the laser implosion, a 
small section of the laser pulse is 
“bled” from the beam and directed 
over a shortcut to activate the 
camera. T o  adjust the delicate 
timing of this triggering pulse, 
members of Group L-4 have de- 
vised an array of mirrors resem- 
bling the slide of a trombone. And, 
like a trombone, moving the slide 
changes things. By moving 1 mirror 
in the “trombone” a few millimeters 
or so, the path of the triggering 
pulse can be lengthened or short- 
ened, changing its arrival time at 
the Pico-X camera accordingly. 

Investigators are now using the 
Pico-X camera to take a good look 
at the assembly (compression) of the 

microsphere, which takes place in 
20-25 picoseconds, and at a subse- 
quent period when fusion occurs, 
which takes place in 5 picoseconds. 
One of its first, and still frequent, 
applications is synchronizing the ar- 
rival of the 2 laser beams at the tar- 
get. By recording 2 streaks-each 
generated by one of the split beams 
-any difference in relative positions 
of the 2 streaks can be measured to 
calculate an adjustment in one 
beam or the other. This is accom- 
plished by moving one mirror or 
another a few millimeters. 

Is Pico-X The Ultimate? 
Commenting on prospects for fur- 

ther increments in speed in Pico-X- 
type cameras, 1,ieber says, “We feel 
sure that with a few technical re- 
finements, we can achieve x-ray 
resolution in Pico-X to about 0.6 
picosecond, which is at least 30 
times better than you can get with 
commercial units. It’s always risky 

to say you’ve reached the limit in 
science-so of ten somebody comes 
along behind you with a break- 
through that moves the limits back. 

“Yet, i t  looks to us as if  we are 
approaching limitations imposed by 
the laws of physics themselves. One 
is Heisenberg’s Uncertainty Princi- 
ple, which says that as you get down 
to very fine measurements, the in- 
terference of the measuring instru- 
ments begins to introduce increas- 
ingly severe inaccuracies. Another 
is that as you get down to pulses 
whose lengths are only a few wave- 
lengths of the photons themselves, 
you don’t have much to work 
with,” Lieber adds. 

Nevertheless, if a need should 
arise for a faster camera, and i f  a 
way can be found to build one, 
chances are LASL’s builders of 
ultra-high-speed cameras could find 
i t .  After all, they’ve already built 
the fastest cameras in the West. 

Three times. @ 
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Treadmill to Safety and Health 
Upstairs at Fire Station Number 

1, opposite the Administration 
Building, they’re “torturing” men 
on a treadmill. But they’re doing it 
for safety and health (and the men 
are willing volunteers). 

Group H-5’s respirator section has 
long investigated respirators ( T h e  
Atom, January-February 1976) and 
knows a great deal about them. 
What they don’t know a great deal 
about is the effects of respirators 
upon the performance of people 
wearing them, especially persons 
under stress, such as men fighting 
a fire. For instance, how much will 
the weight of a self-contained 
breathing apparatus on a person’s 
back impair his performance? What 
stress does the respirator with full 
facemask place on the wearer? 

Running volunteer subjects on a 
treadmill to exhaustion while 
wearing a respirator such as the 
40-pound Scott Air Pak may provide 
new and valuable information to 
reduce risks for persons wearing 
such equipment during an actual 
emergency. The findings will be of 
great interest, not only to the Los 
Alamos Fire Department and Los 
Alarnos Scientific Laboratory groups 
which may use such equipment, but 
to organizations around the coun- 
try who are concerned with respir- 
ator use. 

But safety is only half the story. 
The other half is health, including 
yours. 

Physicians recently have become 
aware that stress testing is a valu- 
able addition to physical examina- 
tions. Tests made of a patient at rest 
may not reveal certain heart, blood- 
vessel, and respiratory dysfunctions 
that would show u p  if the patient 
were exerting himself. 

Which is why Group H-2 (occu- 
pational mcdicine) is equally in- 
volved with the Group H-5 respira- 

tor section in the pilot project. 
Although a great deal of useful in- 
formation is expected from the 
pilot project, its main purpose is to 
develop standards and procedures 
for more extensive investigations in 
the future. 

T h c  project began in January 
with the scrcening and complete 
medical evaluation of likely volun- 
teer male subjects between 25 and 
40 years of age. Twenty subjects 
were selected and began participat- 
ing in a training program to accus- 
tom them to walking and trotting 
on a treadmill and to wearing a 
breathing apparatus. 

In March, actual tests began with 
subjects bcing first examined at rest 
to establish data bases. Then, with 
leads to EKG (electrocardiograph), 
temperature recording, blood-pres- 
sure measuring and other equip- 
ment attached to their bodies, sub- 
jects walked and jogged on the 
treadmill as their bodily functions 
were monitored continuously and 
rccorded. After their workouts, sub- 
jects were examined again to mea- 
sure aftereffects. 

Through May, tests were con- 
ducted at the rate of 4 per day. 
Sometimes the subjects wore no 
equipment. Other times they wore 
equipment, but not the face mask. 
And other times they wore the 
lace mask in place and breathed 
through it. “We randomized the se- 
quence of wearing equipment to 
eliminate from our data any im- 
provement in performance by a sub- 
ject as he became more skillful on 
the treadmill,” Tom Davis, CO- 

lcader of the project for Group H- 
5, explains. 

Testing was completed by the 
end of May, and the data is now 
being analyzed for inclusion in a re- 
port to be issued by the end of June. 

During the test itself, an incrcas- 

ing load is imposed on the subject 
by inclining the treadmill at steeper 
angles and increasing its speed. 
From 8 to 12 minutes on the tread- 
mill is the limit of endurance for 
most subjects, after which signs of 
fatigue become evident and the test 
is stopped. Keeping a watchful eye 
on both the instruments and the 
subject-lest tripping, some mishap, 
or medical symptoms call for a fast 
treadmill turnoff-is Group H-2 
physician and project coleader 
Charles Shafer and H-2 nurses 
Eudena Boyles, Jean Ryan, and Ida 
Antos. 

Aside from its interest in the 
project itself, Group H-2 has some- 
thing else in  mind, and it may in- 
volve you. “We hope to add stress 
testing to our examinations in the 
future for selected employees, con- 
tingent upon adequate staffing and 
facilities. Selected employees would 
be those in high-risk positions who, 
in the event of physical failure, may 
endanger themselves or compromise 
the safety of others. Or, they could 
be those who are heart-attack risks 
and otherwise would not know it. 
These include those with certain 
combinations of high blood fats, 
tendency to diabetes, high blood 
pressure, excessive smoking, seden- 
tary life style, and a family history 
of premature heart attacks. Should 
an cxamination show such condi- 
tions, we might prescribe either a 
maximal ‘to-the-limit’ test or a sub- 
maximal test that stops short of 
exhaustion,” Shafer says. 

Maximal or submaximal, when 
stress testing does become available, 
a word of advice may be in order. If 
you’re still smoking, quit. And i f  
you receive an invitation to a 
party that you know is going to 
be a late one on the night before 
your physical, i t  might be a good 
idea to decline with regrets. 
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left, Jim Trehern, ERDA fireman and 
a volunteer subiect, has monitoring 
and respirator equipment placed on 
him by, left i o  righi, Tom Davis, H-5; 
Eudena Boyles, H-2; Jose Bustos, H-5; 
and Charles Shafer, H-2. Centcr, 
l rchetn “gives it  his  all” on the tread- 
tnill. Below left, Trehern’s posl-test 
exhaustion is evident to Bustos who 
begins to remove equipmcnt. Below 
right, Davis and Jean Ryan, H-2, read 
data from the test. 



One tail too many on this desert spiny 
lizard atirtrcted the attention of Roy 
Maestas, P - l  1, and Bil l  Cruise, WX-8, 
who captured the 3-inch adult mule 
reptile arid crsked Wayne Hanson, H-8, 
for an explanation. According to Iian- 
son, the :;pecies, which ahounds in the 
Southwest, has the ability to volun- 
tarily shed its iail when aitacked-a 
phenomenon called autotomy. The 
wiggling separated tail may then dis- 
iract the preadator, allowing the lizard 
to escape. later, the lizard grows a 
replacemtwt tail. This lizard did not 
completely shed its old tail during some 
bygone trtiack, and the new tail grew 
along side ihe old one--w not uncom- 
mon occurrence. The lizard hus been 
returned to Maestas and Cruise, who 
are keeping it CIS a somewhat unusual 
pet. 

hot0 
Shorts 

Darrel Hohner, ENG-14 construction 
inspector, inspects a chamber for an 
HEPA (High Efficiency Particulate Air) 
filter at the new plutonium facility 
under construction on Pajarito Road. 
Built to upgraded criteria established 
following a near-disasterous fire at a 
plutonium handling facility at Rocky 
Flats, Colorado, in 1969, the facility 
will be fireproof and built to with- 
stand severe earthquake and tornado 
forces that have never occurred in Los 
Alamos and for which the likelihood of 
them ever occurring i s  extremely re- 
mote. 
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On Sutiduy, Apiil ?5, mrtie 40 p u n g -  
stors ~Itowcsd up tit Urbun P o t k  in lor; 
Alatrlos io  cutiipeio i t i  a skutc*board 
contcsi starting at I p.m. Afrer Ggnitig 
up lor 3 cvenis--slalutn, iclay, L i t i d  

frcestylc--tlio kids donned sdfrty hr l  
tnets and wont cif it. Some ncgotintucl 

fhe sluiom with riplonib, such as Tim 
‘ioay, ubove left, atid Bobby Veluseo, 
ali,ovc right. Cjtlicrs, liltc Vaughn Cro- 
tcciu, ULJOVC cr-tltcr, had to wrattihle to 
kocp their balance: us their skmtcboards 
scootcd O W  {ruin u n c h  them. Some 
skatel~oards wync in functional surf- 

board-like &apes, others show whim- 
sical humor such us thc one below left. 
Oficiully timing the contestants, below 
right, is Richard Whipple, CNC-1 I ,  
kneeling, with assistance from Margi 
Stolpe behind him. Some $100 in 
prizcs wero later awarded. 



High-school students from Oio Caliente, N.M., listen to Dale Collier, summer 
student, H-7, explain waste disposal technology a t  TA-50, above left. Above 
right, Jim Grifin, H-5, talks about respirators to Colorado Springs, Colo., visitors. 
Below left, Topeka, Kan., teenagers look a t  2 solar panel being tested under 
artificial light. Below right, students from Monte Vista and Cherry Creek, Colo., 
visit the test reactor at Omega Site. 

Spring is traditionally the special 
season for the young. Associated 
with spring in Los Alamos, as surely 
as the blooming of forsythia, is the 
annual visit of high school students 
for Science Youth Days, an event 
sponsored by the ‘Thomas A. Ed- 
ison Foundation. 

This year, the 19th in which the 
event has been held, some 600 stu- 
dents from neighboring New Mex- 
ico communities and from cities as 
distant as Topeka, Kansas, and 
Phoenix, Arizona, arrived by bus 
early in the mornings of April 22 
and 23. (On April 21, Los Alamos 
High students had made their visits.) 
Harold Agnew, Director, and Rich- 
ard ‘I’aschck, associate director for 

Youth and Spring 
research, welcomed the students in 
the Administration Building audi- 
torium. Following presentations by 
Peter Gram, MP-4, on the Clinton 
P. Anderson Los Alamos Meson 
Physics Facility; Roland Pettitt, 
Q-22, on geothermal energy; and 
Ernest Brock, L-DOT, on laser- 
fusion research; the students saw a 
film on computer color generation 
and broke for lunch. After lunch, 
each of the groups visited 3 LASL 
tcchnical areas. 

As usual, i t  was hard to tell who 
enjoyed the event more-the stu- 
dents or the LASL employees who 
willingly gave their time and ex- 
pertise to make science come alive 
lor their teen-age guests. 

And this spring at Los Alamos 
also saw an unusual event involving 
a somewhat younger crowd. I t  all 
began when Group R-1 held a meet- 
ing during which attendees con- 
templated the Nuclear Safeguards 
Program symbol, judged that it had 
become antiquated, and persuaded 
the program’s senior designer, Les 
Speir, to volunteer his services in 
designing a new symbol. 

Speir’s creation was as appropri- 
ate as it was light hearted: a mouse 
wearing a Sherlock Holmes-style 
deerstalker cap and holding a mag- 
nifying glass. An abacus, ancient 
Chinese computing and accounting 
device, was in the background. As 
a final touch, DYMAC was en- 
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Ai left, above, coloring goes on through Group R-1‘s award ceremony, with 
Yultata Mishirrla, right, being especially cngrossed. Robcrt Parker, left, and 
Misi i~u Mishimti, cciiter, were among the first-place winners. Below, right, Bob 
Kcepin, Group R - I  leader, wearing a light iacket, leads a round of: applause 
lor flw eoriicsiants. Sceming to bo keeping a watchful eye on things is the . -  
OYUAC ~ I C I U S Z ‘ ,  a t  righi above, which the children enjoyed coloring. 
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Above left, the proton beanr from LAhr\PF runs in (3 tunnel under a road from LAMPF to the WNR. This section is called 
”the waterfall” because of its descent. Above right, the proton beam, presently ending cit ”the waterfall,” is operated 
in May for the iirst time by John Farrell, P-1  ’I, seated, as, lefv to right, Richard Bentley, P-11, Richard Ryder, E-2, and 
Walter Hatch, &-I ’I, watch. 

Since English physicist Jarrics 
Cliaclwick. tliscovcred thc neutron 
i i i  1932, this particlc has bccn oL 
I’untlamciital usclulness as a scien- 
tific tool. Ihv ing  almost thc same 
inass ;IS thc j)rt)ton, thc ncutron 
rouridetl oiit our knowlcd!;e o l  nu- 
clear structiiw. 

A singular property o f  the i ic i i -  

tron is thai., iinlikc the proton and 
electron, i i  fias no charge. ‘This 
allows it to penetrate witliout rc- 
sistancc tho ctlcctric fields of  atoms, 
ant l  their nuclei, 1.0 interact with 
t I1 C l l l .  

Ncutron:; are thc indispcnsablc 
pr~i,jectiles tliat, in thc fi:ision pro- 
cess, split nuclei ol licavy clcrncnts, 
such as urariiuin antl plutoniiiiri. In  
fission, cnergy is released as well as 
Iiiorc ncutroimi thiit sustaiii tlic pro- 
cess in a ctiain reaction. In  the  I‘u- 
sion process, characteristic oC thcr- 
nior~i~cIcar we:ipons or lusion power 
reactors of‘ the l’uture, thc hydrogen 
isoi.opcs, tritium arid dcutcrium, 
Iusc to, prodiice cnergy, releasing 
ricutrcms am1 hi-ining the Iicavier 
eletncnt Iir.lium. In  such rcaci.ors, 

nwt rons  will bc the piimary trans- 
1)oi I C ]  s ol ewrgy, its Lhcy interact 
with lithiuin surrounding the re- 
,I( Lion clrambcr to produce heat lor 
\te;ini-tlri\cri gcncrators. 

11 iicuiroiis have becn important 
1 0  x icntihc rescwc’ti everywhere, 
noblicr c Iias the interest in them 
Iiclcn strotrgrr than itt the Los 
11hrrios Scicntihc Laboratory, which 
pionecrccl both fission and fusion 
i escarcli. I%cc,iuw it was appreciated 
ihar riciiti 0114 woiild b~ important 
in tlic tlcvclopinent oi  atomic 
wcapons, a high priority program 
<it Lo5 A1,itrios during World War 
II w ~ s  the building of the Water 
I5oilc1 1 cilctor as a ncutron soui ce. 
‘I’hc noed lor unc1erst;tnding and 
niariipulnliiig tlic ricutron con- 
tiiluetl 1iliabitted during the post- 
M7o1ld War 11 era, when thcrrno- 
nritlcai v w n j x ~ n ~  werc being dc- 
vclopccl, , m c l  c oritinucs through the 
present a 5  LASI, investigators seek 
tu harncss fiisiou as il source of 
enrrgy. 

Ncutroiis ( an bc dcstructive as 
wrll ‘15 usclul. ‘IIhcy are a major 

product ol nuclear weapons and are 
intimately involved in the processes 
occurring during nuclear explo- 
sions. And, although the effect of 
ncutrons at relatively low energies 
upon materials in prcscnt-clay fis- 
sion power plants has becn well 
studied, such is not the case for 
ncutrons at  much higher energies 
in the fusion plants ol the luture. 

Thus, for both basic research and 
pi actic a1 application, the need to 
know about neutrons, their genera- 
tion antl transport, and their action 
o n  materials is intrcasing. In  answer 
to this nccd, two new and unique 
lacilitics, representing a more than 
$.YO million investmcnt in neutron 
rcse‘irch, arc being built at LASL. 
With existing 1,ASL neutron 
sources, such a 5  the Omega Wcst rc- 
actor arid thc Van dc Graaff accelcr- 
ai or laboratory, the ncw facilities 
will make 1,os illilmos the “Neutron 
Capital 01 thc World.” 

A Neutron Machine Gun 

l ’hc Weapons Neutron Research 
( W N R )  lacility, imiriediately to the 





The hot cell above the primary cham- next lower level; and Jim Lambert, ty’s second experimental area. Right, 
ber, where neutrons will be produced, WX-4, and Gary Russell, P-11, on the Malanify and Fluharty are seen 
here is being inspected by Rex Flu- lowest level. Center, George Lawrence, through a port of the primary cham- 
harty, P-11, upper left; John Allen, Group P-11 leader, i s  dwarfed by the ber. A time-of-flight tube will later be 
WX-4, and John Malanify, P-11, on the immensity of the blue room, the facili- installed through the port. 

radiation shield. However, a frac- 
tion of each neutron burst is al- 
lowed to pass into flight tubes, 
which penetrate horizontally into 
the experimental area beyond the 
shield like spokes radiating from 
an axle. Like charges of birdshot 
from a shotgun, the neutrons travel 
down flight paths, in which experi- 
ments and diagnostic instruments 
are placed at various points. 

The  neutrons produced in  the 
tungsten cylinder alone have a wide 

range of energies, from 10 keV 
(thousand electron volts) to 30 MeV 
(million electron volts). If lower 
energy neutrons are desired, as in 
basic studies of the properties of 
matter in bulk, a moderating ma- 
terial (containing a high fraction of 
hydrogen atoms) can be placed 
around the central target. The pri- 
mary neutrons will ricochet within 
this material, losing energy in the 
process. With moderators in place, 
the neutron energies available to 
experimenters range from 0.03 eV 
to 10 keV. 

As the neutron burst travels down 
a flight path, the pulse spreads out 
in time and space due to the differ- 
ences in  velocities between the more 
energetic and less energetic neu- 
trons. In  a typical measurement, 
reactions produced by neutrons of 
all energies are recorded; using the 
relationship between time and dis- 
tance, investigators can then cor- 
relate data collected at a given point 
in time with neutrons of a parti- 

quired. Such low-resolution work 
can be conducted on short flight 
paths extending a few meters into 
the main experimental room. Other 
experiments require very fine sepa- 
ration of neutrons according to 
energy. Since the further the neu- 
trons travel, the greater the avail- 
able energy resolution, some flight 
paths for these experiments extend 
beyond the experimental building; 
one is the length of 2 football fields. 

Expanding the versatility of the 
WNR is a secondary target area, 
dubbed by P-11 the “blue room” 
because on the original model of 
the facility it was represented by a 
block of blue plastic. This area can 
be employed as a neutron scatter- 
ing chamber, using neutrons chan- 
neled through a tube from the pri- 
mary source some 20 meters away. 
Alternatively, low-intensity proton 
pulses from LAMPF can be 
switched there permitting neutron 
time-of-flight measurements to’ be 
carried out as a function of angle, ., 

Like artillery aimed from a bunker, cular energy. This is the time-of- and with higher neutron energies 
time-of-flight tubes project from the Hight (TOF) method of energy than are available in the primary 
earth-covered structure of the blue analysis. area flight paths. 
room. These tubes conduct neutrons to In some experiments, only rela- All this gives experimenters a 
various experiments located around tively crude discrimination between large choice of neutron intensities 
the chamber. different neutron energies is re- and pulse lengths over a wide ener- 
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The basic components of the planned 
Intense Neutron Source are shown in 
the diagram below. A tritium-ion beam, 
generated at “A,“ converges with a 
deuterium stream at ’’B,” producing 
neutrons in 2 identical cells labelled 
“C.” Tritium is then transported to a 
separation and recovery room at ’ID.” 
Building “E” houses a csmputcrised 
control center, offices, and laboratories. 
The large amount of power required 
is generated at  “F.” 



.4lamos to consult on design and 
users’ programs. 

Conceptually, the facility is 
completely different from the 
WNR. Rather than the “machine 
gun” series of pulses that will be 
produced at the WNR, allowing 
neutron experiments at a number 
of energy levels, the INS will pro- 
vide a steady flow of neutrons at 
very high density, but at only one 
energy: 14 MeV. 

By design, this is exactly the same 
energy at which neutrons will be 
generated in a fusion reactor. I t  
will allow directly comparable 
measurements of the punishment 
that materials will take from neu- 
trons in a full-scale fusion reactor. 

But, in addition, the INS will 
open the door to new understand- 
ing of neutron reactions at very 
high energies and in fluences 100 
times greater than any other neu- 
tron source planned or in existence, 
but comparable to those expected 
in fusion reactor systems. One im- 
portant task for the INS will be 
measurements at these high inten- 
sities of neutron cross-sections in 
respect to a number of materials. 
Cross sections are indices which 
indicate the probability of a par- 

ticle entering into interactions with 
other particles, or nuclei, under 
given conditions. 

One of the more important side 
benefits of the new INS will be the 
development of a technology for 
handling tritium (which is radio- 
active) safely and economically. 
Tritium, an unstable isotope of hy- 
drogen with 2 neutrons in  its nu- 
cleus (ordinary hydrogen has none), 
will be essential to the functioning 
of a fusion power pIant. Tritium 
is not now used in magnetic-con- 
finement, laser-fusion, or any type 
of fusion experiments because pres- 
ent experiments yield desired 
results without it and because of 
the costs and complications of 
handling radioactive materials. 

But in generating 14-MeV neu- 
trons at the INS, tritium is essen- 
tial. Intrinsic to the design of the 
INS is a closed tritium recovery, 
separation, storage, and circulation 
system developed by Bob Sherman 
and John Bartlit, both Q-26. Its use 
at the INS will provide a proven 
technology when fusion power 
plants are actually built. 

T h e  principle for neutron gener- 
ation at the INS, as first conceived 
by Dale Henderson, T-6, Harry 

Drcicer, CTR-DO, and Dennis Co- 
lonibant, MIT ,  is being developed 
by Robert Emigh, P-14 group lead- 
er, and is as simple and ingenious 
in concept as it is intricate and 
sophisticated in application. 

Unlike the WNR, where the neu- 
tron-generating target is stationary 
and solid, the target for the INS is 
a gaseous deuterium stream moving 
a t  supersonic speeds. Deuterium is 
the stable isotope of hydrogen (with 
I neutron in the nucleus), which 
occurs naturally as 1 part in 6500 in 
water and which will be the vir- 
tually limitless supply of fuel for 
fusion power. 

High pressure forces the deu- 
terium target to move very rapidly, 
and the stream is further accel- 
erated by an expansion nozzle to 6 
times the speed of sound. 

At the point where neutrons are 
to be generated, this fast-moving 
stream will converge with a beam 
ot tritium ions (atoms from which 
the electrons have been stripped). 
The reaction is hot, compressed, 
and violent. Within a region no 
bigger than the eraser on a pencil, 
a tremendous flux of 14-MeV neu- 
trons will be produced at the rate of 
1 thousand trillion every second. 

Left, Roy Haarman and Rae Ridlon, both P-14, adjust power-supply equipment being 
tested for the INS in the Physics Building. Center, a ”crowbar,” which acts like a fuse, 
arcs to protect power supply from overload. Right, Karl Meier, P-14, simulates shock 
waves anticipated in the INS’S expansion nozzle by jets channeled in a water bed. 



I-loyrl Catlin, P-’94, wtshhes the glow discharge within a chamber being tested tis d 

tritium-ion !;ouret: for the IN!; as “Needless,” the cat, watches with curiosity but no 
deep understunding. ’’NtleJless” is 11 fuiictional pari of the facility, serving as a mouse 
reinover. 



Figuring out how to assemble anode pins for Group L-7 are, left to right and standing, Peter Scott and 
Bob Zee, both L-7, Frank Lovato, Sheltered Workshop Director, and Doug West, his assistant. Trainees at  
work are Bruce Blankenship, Lourdes Tapia, and Barbara Gordon. 

A Special Kind of LASL 
There are things you expect to 

find at the Los Alamos Sheltered 
Workshop and things you don’t. 

What you expect to, find, and do, 
are love, understanding, profession- 
alism, and a contented atmosphere 
in which some 20 mentally retarded 
trainees find fulfillment in doing 
simple work well. 

What you don’t expect to find, 
but do, are production engineering, 
business management, and a pub- 
lic-relations awareness that would 
do credit to any small manufactur- 
ing company. As a result, the 
Sheltered Workshop has been a suc- 
cessful bidder for manufacturing a 
number of miscellaneous items for 

the Los Alamos Scientific Labora- 
tory. In  recent months, the Shel- 
tered Workshop has been awarded 
LASL contracts at the rate of about 
1 a month. 

Although LASL‘s Supply and 
Property Department had placed 
occasional orders with the Sheltered 
Workshop since the Workshop was 
rounded 5 years ago, business 
picked up noticeably for the Work- 
shop after its director, Frank Lo- 
vato, practiced public relations and 
invited a sizable group of LASL 
employees to an open house earlier 
this year. At the open house, the 
LASL guests were given a guided 
tour, which didn’t last long as there 

Supplier 
are only 2 classroom-size workrooms 
to see, and were shown a film, 
which took somewhat longer, ex- 
plaining the Sheltered Workshop 
program. 

The  open house gave the LASL 
group a clearer picture of the 
Sheltered Workshop’s purpose, 
method of operation, and capabil- 
ities. “I was very favorably im- 
pressed and, as far as I can tell, so 
was everyone else,” says Elza Arm- 
strong, SP-IO group leader. Other 
visitors from Group SP-10 were Jim 
Sahling, assistant group leader, and 
Jack Deveneau. Guests from SP-11 
were Arnold Nereson, group 
leader, Eppie Trujillo, and Fred 
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Scut{ exairlines a luscr amplifier with anode pins installed which is 
now ”cik Iioine” in a lascr laboratory. Sheltered Workshop trainees 
completcd the  difficulk assembly in 7 days. 
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vato adds. “The resistors would 
sometimes bob up in the hole as the 
trainees tried to cut the wires un- 
derneath. Then, one of our trainees 
suggested making a lid with holes 
to fit on top after thc resistors were 
inserted. It worked fine, and in ad- 
dition, it allowcd turning the 
board over so that the trainees 
could cut the bottom wires faster 
and niorc easily. 

“I only mention this to show that 
practically all mentally retarded 
persons have some sort of capabil- 
ity. We look for that. The trainee 
who suggested this idea obviously 
has the capacity to both compre- 
hend a mechanical problem and 
come up  with a solution.” 

Ingenious tools and jigs abound 
in the workrooms. A jig for making 
locating rings for Group M-2 was 
particularly difficult to make and 
usc, since the specifications called 
for a cutout of a 280-mm-diameter 
circle with zero tolerance on the in- 
side and only 1 millimeter on the 
outsidc. “We really had to sweat 
to get the jig just right and then use 
it in a vcry precise way. But our 
trainees did it. Sometimes their 
ability to do very accurate work sur- 
prises even us,” Lovato comments. 

Most jobs, however, are not so 
demanding. For instance, phenolic 
tops for isolation-resistor containers 
for C’TR-Division’s Scyllac experi- 
ment had to be drilled for wires. 
The location of the holes was not 
critical, so i t  didn’t matter that the 
holes in the jig had become some- 
what croded and enlarged by con- 
stant drilling. Some trainees can 
use power tools competently and 
safely, and those trainees used a 
drill press and a band saw to make 

IVhen not occupied in perform- 
ing work for LASL and other cus- 
tomcrs, thc trainees make wooden 
toys and rugs, weave, or participate 
in othcr Sheltered Workshop activ- 
ities. “We take them on field trips, 
several times a year. And they all 
train for and participate in our 
athletic program,” Lovato says. 

‘The Sheltered Workshop pro- 
gram is tied to the national and 
international Special Olympics pro- 
gram, which sponsors and organizes 
Competition for mentally and phys- 
ically disadvantaged persons every- 
where. “It is the worlds largest 
sports association,” Lovato says 
with a smile. “There’s no such 
thing as not making the team. Com- 

the tops. 

Lourdes Tapia puts finishing touches to a bicentennial rug. One like 
it was presented to Harold Agnew, Director. 

petition is set so that there are a 
numbcr of groups within a given 
event. Regardless of a person’s 
handicap, he competes only against 
others of equal ability.” 

The program is broad in scope; 
only a few of the riskier events, 
such as pole vaulting, are absent 
lrom field and track meets, and the 
Special Olympics sponsors pro- 
grams in swimming and basketball. 
Trainees at the Los Alamos Shel- 
tered Workshop train regularly for 
competition with other special-edu- 
cation institutions in  New Mexico 
and participate in regional and 
national competitions. 

While customers, such as LASL, 
frequently benefit by buying un- 
usual items from the Sheltered 
Workshop, taxpayers who never 
deal at all with the Sheltered Work- 
shop also benefit. According to Lo- 
vato, it costs about $15,000 a year 
to care for a patient in a state insti- 
tution, but only $2,500 a year for a 
patient living at home and partici- 
pating in the Los Alamos Sheltered 
Workshop program. 

And there are other benefits to 
society. Although most trainees re- 
main employed at the workshop 
(trainees are paid small amounts 
on an hourly basis), about 30% 
can learn work habits and skills 
sufficient to become productive em- 
ployees in the “outside” world. 

But customers and taxpayers 
alike would agree that the greatest 
benefits are human and personal. 
“Except for some impairment in 
their mental capabilities, usually 
caused by an infantile disease or a 
tragedy later in life, these people 
are just like us in their feelings. 
They laugh. They cry. They love. 
They hate. And just like us, they 
feel recognized and rewarded in 
doing useful work that they can 
handle and enjoy. I think you’d 
see quite a difference between our 
trainees here and people like them 
in most state institutions,” Lovato 
says. 

A visitor watching a group of 
trainees busily sanding toys, some- 
times chattering happily among 
themselves, would have to agree.@ 
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I lhMl’l~ passed anoilier milestone in its pro- 
griun to achieve liighcr intensity operat ion when 
;t I till-cmcqy heati~ o f  ; t b o r r i  I1 0 microamlwrcs 
wrts clclivcred to tlic rnaiii cxl~crimcntal arca on 
J u t w  1, 1976. T h e  test run lasted for almxt 2 
i10r1r6. 

%% 
1 Iic I,os hlnrnos Sciciitif-rc 1,al)oratory has re- 

( e i v d  approval I iom i he U.S. I’ncrgy Kcsc~arch 
a n d  I)cvclopineiit hclrninist tation of tlic Labora- 
tory’s Aliirru,iiivc Action Plari for IWl97G. 

‘I’his p l m  ic sufrmiticd yearly as required b y  
l edc i  i l l  rcguli~tion~ and sets lorth positive good 
f i t l i  cflortf t o  bc iakcn ovcr a fivc-year period. 

’ I’he Affiiinat ivc Action Plan rctlccts [lie policy 
or tlic 1 ,al)oiatory iowar(ls noridiscrirnination and 
cqrxal o p p ~  t u n i t y  in all aleas 01 erriployrncnt 
a i d  statce i l ia t  ;ill rmployccs itnd applicants shall 
I I ~ ~ v c ~  c q w ~ l  crnployment opportrruiiy reg;trrllcss 
ol rnrc, color, r cligion, sex, nnarital status, iia- 
iion,il origin, or ‘tgc. 

@ 
Rctircmcnts: Clara Grecn, WX-7, detonator 

IC( hnic ian; .fames Marsh, SI)-5, 1aX)oratory rna- 
cliinist ; I-Iu;;li 19;txton, I<-5, stztfl incmbcr; Law- 
I-CL~CP Elmore, WX-7, hen ior designer; Albert 
P<onic“ro, SI)-1, Iaboratoty weldcr; Iiernard Kil- 
loran, WX-2, mccliariit 211 tcclinician; 1,utlner IXick. 
eison, S1)-4, l c i l ) o r a i  ory iiispcctor; Alice Simeros, 
WX 7 ,  dcton‘iior technic inn; John Coleman, S13-4, 
Inlror,itoi y ninc hiiiist ; Willimi Tynan, SI) 5 ,  lab- 
oratoi y inac liiiiist; P h J C Y  Duhamcl, SI1-5, lab- 
oratory trim hinist;  Gale lfanks, CMB-6, staff 
mcni1)er. 

@ 
Hugh P % w t o m ,  l< 5 ,  is rontinuing a b  <I member 

of t lie 1J.S. Nuclear Regulatory Conimissioii’s 
Safely itrid 1,iccnsing I3onrd Pmcl and as a con- 
sultant t o  I ,ASI, 011 riuclcai safety rollowing his 
rctircmcni ihi5 May. I’axlon joinccl LAST, in 1948 
and 1ie;tdcd its critical assembly program until 
1975, 110 is rt cliartcr ineinhcr aiid f7ellow of the 
Amcric,in Nuclear Society nnd a Fellow of thc 
Rrritr ican Physical Society. 

4% 
13~‘t t I is :  Mary Curknian, CYl’lt-7, sccrctary; 

i b l 9 a ~ t  Stoll, WX-5, st af€ member; Leroy Schiller, 
EN( :-‘2, senior dcsigncr. 



Bulletin from 
Barking Sands: 

LASL 
LAUNCH 

AVERAGE 
.500 

LASL teams involved in 3 rocket 
launchcs a t  the ERDA Test Fa- 
cility a t  Barking Sands, Kauai, Ha- 
waii, have chalked up l loss and l 
win, with 1 “gamc” remaining in 
a hectic “spring series.” 

On May 14, a launch to acquire 
new information on a cosmic x-ray 
source failed when telemetry did 
not function and the payloadl‘s 
flotation system separated from the 
payload, which sank at  sea. Disap- 
pointed Group P-4 investigators 
were John Laros, Harold Argo, 
and James Bergey, who had de- 
signed and installed, and had 
planned to monitor, the x-ray mea- 
suring instruments. 

On May 22, a pre-dawn launch to 
learn more of cryogenic heat trans- 
fer processes in zero or low gravity 
conditions was successfully com- 
pleted. A rocket flight to 200 kilo- 
meters altitude provided about 5 
minutes of free-fall time and 
yielded data for Ken Williamson, 
CTR-9, and Fred Edeskuty, James 
Taylor, and Robert Candler, all 

As T h e  Atom goes to press, a 
12-man “Project Buaro” team, 
headed by Bob Jeffries, Group J-10 
Icader, was taking the field for 
another in a series of barium injec- 
tion probes to study the earth’s 
magnetosphere ( T h e  Atom, July- 
August 1975). The team plans to 
inject 7 times the barium released 
in any previous probe for the most 
spectacular nighttime display yet 
and boost the LASL average to 
566. 

Q-26. 

($B 

30 
I years ago in 10s alamos 

~~~ ~~~ 

Culled from the May-June, 1966, files of The 
Atom and the Los Alamos Monitor by Robert Y. Polron 

Honors 
Norris Bradbury, LASL Director, was presented the Depart- 

ment of Defense Distinguished Service Medal at a ceremony in the 
Pentagon last week. And, for the second time in four  years, LASL 
had double winners among recipients of the Ernest Orlando 
Lawrence Memorial Award, which was presented by the AEC in 
Washington, D.C. Harold Agnew, leader of LASL’s Weapons 
Division, and Ernest Anderson, member of the biophysics staff i n  
H-4, were the Los Alamos winners. 

Widening 
Trini ty  Drive, the community’s main east-west traffic artery, is 

being widened to accomodate four lanes of traffic. T h e  work is 
being done by the Zia Company’s subsidiary, Los Alamos Con- 
structors, Inc., accomplishing an  improvement that had been de- 
ferred for years, pending the removal of Sundt housing. 

A New Frontier 
Since medieval times, man has attempted to transform one ele- 

nient into another. O n  May 5 ,  LASL conducted “Cyclamen” a t  the 
Nevada Test Site. This  was the most successful heavy element 
experiment to date involving the use of nuclear explosives. The re  
is evidence to suggest that the experiment, which utilized a device 
designed by Carson Mark, T-Division leader, and a group of 
collaborators, produced the heaviest substance yet isolated. 

Ouch! 
Would  you believe FOIJR times? T h e  Ed Snows are beginning 

to feel jinxed and with good reason. Friday afternoon their jeep 
was hit’by a rollaway car. T h e  auto had been left parked in front 
of a “No  Parking This  Side Of T h e  Street” sign across and  up the 
street from the Snow residence. T h e  car rolled and struck the 
Snow vehicle in the rear. Not too unusual in hilly Los Alamos. . . . 
but  this was the second time in two weeks. Earlier this month,  their 
brand new station wagon, parked in an off-street parking pad, was 
struck broadside by a car which rolled from a yard just u p  the hill 
and jumped the curb. Before moving there, the Snows had two 
new autos damaged by runaway vehicles. “I think I’m through 
buying new cars,” said Snow, with a disgusted look at  the banged 
u p  jeep. 
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On April 2 I, U.S. &ticitor Pete Ilonien- 
ic i  (R-NJA.) visitrd 1.0s Alarnos tu in- 
!;pect t h e  post office, spealc at a Rotary 
lunchccui, (2nd ecrnchii:t n public hccir- 
ing on rtmds aid housing. Hare lie 
lehats with Vernon Korr, 1-1-1 1, who is  
iulso CI Repiblicun sicite representative. 

James Schlr:siiiger, presently a iecxclier 
ond lecturer at .lohris tlopkiris IJiii- 
versity triid formerly Secwtury O F  Be- 
iense ontj Chairman of the Atomic 
Energy G~~rimissir:m, gave a "standing 
roeni only" collacjuium a t  LASL on 
April 8 dealing with U.5. defcnss arid 
foreign policies. HcrcJ seated at Direc- 
tor bIcrrc~lcl ,4gtiew':; right, lie clabnratc: 
on his views duriiicj a prcss conference 
aftervvai d. 

$- 

(311  May 7, scientific: counsellors u i d  
rcientific u ttaclieb fiotn tho enibassies 
(55 Airstraliu, Belijium, tlir Refiublic 
of Chiiiri, Finland, Isciel, South Africa, 
ctnd I h d o n  coiiFeirod tit LA!:ll to 
learn n iow of IASL  activities Here, 
Bob Bra4itxir, ISD-2, cAxplcsins a inodul 

lic of China; Louis Grovcn, Belgiuin; 
Lars Drtegren, ',wcdt.n; aiicl E .  G. 
Howt:ri, Atrstrulici, in thv Norris E. 
13radbury Hull of S h n c e .  

of SI$I(IC KWCI~I<I :iiht.n WU, RI>lJUb- 

I'wo Iranian nudc!ni* of ic ia ls  visited 
LASL April 23-34 f o r  briefing!, cin 
rtitrriy p l i c i s t : ~  of LASl.'s teseai c h  pro- 
granr,. At [&'-East, 'William Maranian, 
Group C: A&-1 I Iecid~r, left, and Rich- 
ard 131ikt:r, CMB4)iviSiiJti Irmdcr, buck 
to carneru, explcriii plutoriium haridl- 
ing IC) Mi,jtucla Tciliei iadcth, director 
af tliv lduclear Iri&tute at 'Teheran, 
ceniet, cirid Akbur Etimucl, presidelit 
of tho Na ticinnl Ir(iriii~t1 Atomic Erietgy 
Cummission, right. 

' 

' 

A few o f  the 100 siirdeiits from 14 
univur:ities who m e  tncrnhers of the 
Ameikaii Wuclec~i k c i e t y  Westein 
Studerlt Conference and who visited 
LASL o n  April 2 FPII tour.; nncl con- 
ferences, Iiere listen to Dennis Roeder, 
MI'-7, expltrin features of. LAMPF, On 
She following day, 1 h t 3  grciup went io  
kdbuyuercpi! for n nuclear f o r i m  




